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© Method of and apparatus for processing an image according to a correction level. 
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© Tone correction for input video signals is per- 
formed by use of look-up table data. The degree of 
color correction level is decided by using chroma 
signals (17R, 17G. 17B) each con-esponding to a 
respective one of input video signals and a lumi- 
nance signal (27) of the input video signals. In re- 
sponse to the particular level decided, signals (35R. 
35G. 35B) are produced by applying color correction 
level adjustment to the individual input video signals. 
A highlight and a shadow point are set up based on 
a respective one of such adjusted signals (35R, 35G; 
35B) so as to produce look-up table data for each of 
the input video signals. This allows input video data 
to be subjected to tone correction which matches 
with particular photographing conditions, thereby 
eliminating overcorrection. Hence, the operator's de- 



cision as to the degree of correction is needless so 
that the ease of operation is promoted. 
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METHOD OF AND APPARATUS FOR PROCESSING AN IMAGE ACCORDING TO A CORRECTION LEVEL 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a nnethod of 
and an apparatus for processing an image and. 
more particularly, to an image processing nnethod 
and an apparatus for the sanne which execute ef- 
fective tone correction white a still image repre- 
sented by a video signal is recorded in an image 
recording medium to provide a visible image. 

Description of the Prior Art 

In the imaging art, there has been proposed a 
still image recording apparatus which receives a 
video signal read out of a video floppy disk, a 
video tape and other video signal recording media 
so as to reproduce a visible image in an image 
recording medium such as a printing paper. In this 
type of apparatus, a red (R), a green (G) and a 
blue (B) color signal, for example, which are pro- 
duced from input video signals are sequentially fed 
to a high luminance black-white cathode ray tube 
(CRT) which is exclusively adapted for recording. A 
lens and a color separating filter for separating 
three colors are positioned in front of the screen of 
the recording CRT. so that an image appearing on 
the screen may be focused onto a color printing 
paper. While a cyan (C). a magenta (M) and a 
yellow (Y) coloring matter in the printing paper are 
stimulated to color to provide a color image, a 
prerequisite is that the color signals R. G and B 
derived from the individual input video signals and 
the signals applied to the recording CRT for stimu- 
lating the C, M and Y coloring matters be inversely 
related to each other with respect to the level. For 
example, when the levels of the color signals R, G 
and B are relatively high representing a light por- 
tion of a picture, the coloring degree of the C. M 
and Y colouring matters has to be suppressed to 
render the lightness and, therefore, the outputs 
associated with the respective color signals R, G 
and B have to be lowered in level. 

Another prerequisite with the above-described 
type of apparatus is that the difference between the 
density of each color of an image as represented 
by input video signals and those of an actual image 
be compensated for, the difference being ascrib- 
able to the lighting, and the kind of a camera used, 
and other photographing conditions. For example, it 
sometimes occurs that incoming color signals R, G 
and B are different in maximum level from each 



other, despite that an actual image includes a white 
portion where the colors, R. G and B are equal in 
intensity and maximum in level. In such a con- 
dition, should the input color signals R. G and B be 

5 fed out without any compensation, a portion which 
should be rendered, for example, in white would be 
recorded in a recording medium in a color which is 
close to any of the three colors, due to the dif- 
• ference between the levels of the color signals R, 

10 G and B. To compensate for the different levels of 
input color signals R, G and B, tone correction is 
applied to the signals R, G and B by using look-up 
tables each of which contains output level data 
associated with a respective one of the signalss R. 

75 G and B. The previously stated conversion of sig- 
nal levels is effected by such tone correction. 

The data in the look-up tables are such that 
when an image includes a white portion, a highlight 
and a shadow point representative of a maximum 

20 and a minimum level, respectively, are determined 
for each of the input color signals R. G and 'B; and 
the output levels of the individual color signals R, G 
and B corresponding to the highlight and shadow 
points are caused to agree with each other. This 

25 allows the color signals R, G and B representative 
of the white portion to be delivered with equal 
intensity, whereby the white portion is reproduced 
in white. 

The highlight and shadow points may be deter- 

30 mined by preparing a cumulation histogram which 
shows a frequency distribution of video signals of 
respective pixels of an input video signal which 
constitute one frame of image. Then, a point where 
the cumulation histogram shows, for example, 99% 

35 is determined to be the highlight point Specifically, 
an input video signal of a particular level at which 
the proportion of those pixel signals which are 
lower than that level to all of the pixel signals is 
99% is determined to be the highlight point. 

40 In a tone correcting method known in the art, a 

cumulation histogram is produced by using a lu- 
minance signal Y of input video signals, then a 
highlight and a shadow point are set up on the 
basis of that cumulation histogram, and the look-up 

45 tables for the tone correction of respective color 
signals R, G and B are prepared by applying those 
highlight and shadow points to all of the three color 
signals R. G and B. This kind of tone correcting 
method is usable under a so-called low correction 

50 condition. This method, however, is incapable of 
compensating for the difference in tone between 
input video signals and an actual image as pre- 
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viousiy mentioned, because it does not give con- 
sideration to the difference between the levels of 
the color signals R, G and B of the input video 
signals. 

Another approach for tone correction, which is 
applicable to so-caiied high correction, consists in 
preparing one cumulation histogram for each of the 
color signal R, G and B of input video signals, then 
determining a highlight and a shadow point based 
on each of such histograms, and then producing 
one look-up table for each of the color signals R, G 
and B. A problem with this approach is as follows. 
Assuming that the color signal R, for example, 
includes a portion of significantly high level repre- 
sentative of a light image portion, the highlight 
point of the signal R is selected to be higher than 
those of the other color signals G and B resulting 
that the output corresponding to the signal R be- 
comes weak to render cyan (C). which is com- 
plementary to red (R), dark in a reproduced picture 
and, thereby, disturbs the color balance. Specifi- 
cally, while no problem arises so long as an image 
represented by input video signals includes a per- 
fect white portion, the above-stated undesirable 
phenomenon occurs when it does not include a 
perfect white portion while, at the same time, any 
of the input signals is representative of a pure color 
of high chroma and high level; the image subjected 
to tone correction which uses look-up tables would 
appear disturbed in color balance. That is, the 
image would undergo overcorrection to be thereby 
reproduced with different tones from those of the 
actual image. 

It follows from the above that adequate tone 
correction is unattainable unless the low correction, 
high correction and a certain degree of correction 
between the high and low correction are effected 
alternatively depending on the image which is re- 
presented by input video signals. Such adjustment 
of correction level has customarily relied on oper- 
ator's eyesight- For example, while watching an 
image represented by tone-corrected video signals 
on a monitor, the operator selects high correction 
when decided that the image includes a perfect 
white portion and selects low correction when de- 
cided that the image does not include a white 
portion and includes a portion of a color, other than 
white, which is high in chroma and light. However, 
although the operator watching the monitor may 
decide that the image includes a white portion, it is 
difficult for the operator to determine whether or 
not that white portion is highlight white, i.e., perfect 
white represented by the highest levels of the color 
signals R, G and B. It is also difficult for the 
operator to see if the image includes a portion of a 



color, other than white, which has high chroma. 
This kind of adjustment, therefore, not only con- 
sumes a disproportionate period of time but also 
needs skilled labor. 

5 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

70 to provide an image processing method and an 
apparatus therefore capable of performing effective 
tone correction, i.e., compensation for a difference 
between input signals and an actual image by 
adequately deciding a required degree of correc- 

75 tion to avoid overcorrection. 

In accordance with the present invention, there 
is provided an image processing method which 
processes input video signals by use of look-up 
table data and delivers the resultant signals. There 

20 are produced signals each corresponding to a par- 
ticular frequency value of an accumulation histo- 
gram, which is prepared by using a respective one 
of chroma signals of input video signals, and a 
signal corresponding to a particular frequency val- 

25 ue of an accumulation histogram prepared by using 
a chrominance signal of the input video signals. 
These signals corresponding to the particular fre- 
quency values are subjected to arithmetic oper- 
ations for comparison so as to select a particular 

30 degree of color correction level. Signals are pro- 
duced by applying color correction level adjust- 
ment to the input video signals according to the 
degree of color correction level selected. A high- 
light point and a shadow point are determined for 

35 each of the input video signals based on the ad- 
justed versions of the latter. Look-up table data 
which match with the individual input video signals 
are produced on the basis of the highlight and 
shadow points. An image is processed by using 

40 the look-up table data produced. 

In accordance with the present invention, there 
is also provided an image processing apparatus 
which includes image processing means for pro- 
cessing input video signals by use of look-up table 

45 data and delivers the resultant signals. Chroma 
signal cumulation histogram preparing means pre- 
pare cumulation histograms each corresponding to 
a chroma signal of a respective one of the input 
video signals. A luminance signal accumulation 

50 histogram preparing means prepares a cumulation 
histogram based on a luminance signal of theinput 
video signals. A color correction level deciding 
means decides a degree of color correction level 
by applying arithmetic operations for comparison to 

55 signals each corresponding to a particular frequen- 
cy value of the cumulation histogram of a respec- 
tive one of the chroma signals prepared by the 
chroma signal cumulation histogram preparing 
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means, and a signal corresponding to a particular 
frequency value of the luminance signal cumulation 
histogram prepared by the luminance signal 
cumulation histogram preparing means. A color 
collection level adjusting means applies color cor- 
rection level adjustment to the input video signals 
according to the degree of color correction level 
selected by the color correction level deciding 
means. Highlight and shadow point setting means 
determine fa highlight point and a shadow point of 
each of the signals whose color correction level 
has been adjusted by the color collection level 
adjusting means. Look-up table preparing means 
produce look-up table data which match with the 
individual input video signals on the basis of the 
highlight and shadow points, delivering those data 
to the Image processing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The pbjects and features of the present inven- 
tion will become more apparent from the consider- 
ation of the following detailed description taken in 
conjunction with the accompanying drawings in 
which: 

FIGS. 1A and 1B. when combined as shown 
in FIG. 1, are a block diagram showing an image 
recording device to which an image processing 
apparatus of the present invention is applied; 

FIG. 2 is a plot showing examples of look-up 
tables LUTR, LUTG and LUTB each being stored in 
a respective one of tone correcting sections of FIG. 
1; 

FIG. 3 is a plot showing an exemplary 
cumulation histogram associated with one of input 
video signals as shown in FIG. 1; and 

FIG. 4 is a plot showing a standard look-up 
table LO which is stored in a standard look-up table 
storing section in FIG. 1. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

A method and an apparatus for processing an 
image in accordance with the present invention will 
be described in detail hereinafter. 

Referring to FIGS. 1A and IB of the drawings, 
an image recording device to which the image 
processing principle of the present invention is 
applied is shown. 

As shown, the apparatus includes analog-to- 
digitai (AD) converters 10R, lOG and 10B having 
inputs 11R, IIG and IIB. respectively. Video sig- 
nals output by a video floppy playback unit or like 
video signal source is applied to the inputs 11 R. 
11G and 11 B as three primary color signals R 



(red), G (green) and B (blue). Timed to a synchro- 
nizing signal SYNC13. the AD converters lOR. lOG 
and 10B convert, respectively, the input video sig- 
nals 11R, 11G and 11B into digital data. The out- 
5 puts 15R, 15G and 15B of the AD converters 10R. 
10G and 10B are fed to frame memories 12R. 12G 
and 12B, respectively. 

The frame memories 12R. 12G and 12B are 
individually adapted to store signal data represen- 
70 tative of respective pixels which constitute one 
frame of image. The output signals 17R, 17G and 
17B of the frame memories 12R, 12G and 128 are 
applied to tone correcting sections 14R, 14G and 
14B, respectively. 
75 The tone correcting sections 14R, 14G and 

14B are respectively provided with look-up tables 
LUTR, LUTG and LUTB adapted for tone correc- 
tion, and each plays the role of a parameter cor- 
recting section for tone con-ection. The look-up 
20 tables LUTR. LUTG and LUTB contain data for 
converting, respectively, the input video, sigrials 
17R. 17G and 17B into signals which are to be fed 
to a high luminance black-white cathode ray tube 
(CRT) 24 so as to stimulate cyan (C). magenta (M) 
25 and yellow (Y) coloring matters to color in a color 
printing paper 30. Further, by the conversion of 
signal levels based on the look-up tables LUTR, 
LUTG and LUTB, the difference of an image repre- 
sented by the input video signals from an actual 
30 image is compensated for to provide tones which 
are close to those of the actual image. 

Referring to FIG. 2, examples of the look-up 
tables LUTR. LUTG AND LUTB are shown. In FIG. 
2, the abscissa is representative of the levels of 
35 input video signals v and the ordinate, the levels of 
density signals D outputted. Based on such R, G 
and B look-up tables LUTR, LUTG and LUTB. the 
input video signals R, G and B, i.e., v individually 
converted into output signals each representing 
40 density D. 

In FIG. 2. those points Rh, Gh and Bh of the 
input video signals R, G and B which are close to 
their highest levels are the. highlight points, and 
those points R.s- Gsand Bs close to the lowest 
45 levels are the shadow points. The density D of 
output signals which correspond to the highlight 
points Rh. Gh and Bh of the input video signals R, 
G and B is assumed to have a constant value Dh- 
Likewise, the density D of output signals which 
50 corresponds to the shadow points Rs, Gs and B s 
of the input video signals R. G and B are assumed 
to have a constant value Ds. In the event of setting 
up the curves representative of data of the look-up 
tables LUTR. LUTG and LUTB as shown in FIG. 2. 
55 primary importance is attached to the highlight 
points Rh. Gh and Bh and the shadow prints Rs . 
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Gs and Bs. As regards the curve associated with 
the iook-up table LUTR, for example, it is so deter- 
mined as to extend through the highlight point (Rh, 
Dh) and the shadow point (Rs, Ds). 

The highlight points and the shadow points 
mentioned above are determined as follows. A 
cumulation histogram is prepared for each of the 
input video signals R. G and B such as shown in 
FIG. 3. The cumulation histogram of FIG. 3 is 
associated with the input video signal R and repre- 
sentative of, for example, a frequency distribution 
of video signals of respective pixels which con- 
stitute one frame of picture. In FIG. 3, the abscissa 
shows the levels of the input video signal R, and 
the ordinate shows, with respect to a certain point 
of the curve in the histogram, the ratio (%) of the 
cumulative number of pixels having iower video 
signal levels than the particular input video signal 
level to the total number of pixels which constitute, 
one frame of picture. 

Specifically, in FIG. 3, the highlight point 
Rwshows that 99% of the video signals which are 
associated with the respective pixels have iower 
levels than the level Rh- In this manner, a point 
where the cumulation histogram is, for example, 
99% is selected to be the highlight point. Likewise, 
the shadow point Rs shows that 1% of the video 
signals which are associated with the respective 
pixels have iower levels than the level Rs. and it is 
set at a point where the cumulation histogram is. 
for example, 1%. 

The output density corresponding to the high- 
light point and that corresponding to the shadow 
point are selected to be the previously stated con- 
stant values Dnand Os. respectively. By using the 
values Dh and D s. the curve of the look-up table 
LUTR which passes through the highlight point (Rh. 
Dh) and shadow point (R s» Ds) is set up. 

Turning back to FIG. 1, the outputs 19R, 19G 
and 19B of the tone correcting sections 14R. 14G 
and 14B are routed, respectively, through color 
correcting sections 16R, 16G and 16B, tone cor- 
recting sections 18R, 18G and 188. and digital-to- 
analog (DA) converters 20R, 20G and 208 to a 
switch 22 and a video monitor 50. The inputs 25R, 
25G and 258 to the switch 22 are selected alter- 
natively by the switch 22 to be fed to the CRT 24. 
A lens 26 and a three-color separating filter 28 are 
disposed in front of the screen of the CRT 24 so as 
to focus a picture appearing on the CRT 24 onto 
the color printing paper 30. On the other hand, the 
video monitor 50 responsive to the inputs 25R, 25G 
and 258 produces a tone-corrected picture there- 
on. 

Provided withr a color correction matrix MTXA. 
each of the color correcting sections 16R. 16G and 
16B serves as a parameter correcting section 
adapted to compensate for a difference in hue 



characteristic between the video signal source and 
the photosensitive material. Assuming that the vid- 
eo signal source is a television (TV) camera by 
way of example, a matrix coefficient for compen- 

5 sating for a difference in hue between the TV 
camera and the printing paper 30 is used for the 
color correction matrix MTXA. 

The tone correcting sections 18R, 18G and 
18B are respectively provided with tone correction 

10 look-up tables LUT-2R, LUT-2G and LUT-2B to 
serve as parameter correcting sections, each of 
which is adapted to compensate for a difference in 
tone characteristic between the CRT 24 and the 
printing paper 30. The outputs 23R, 23G and 238 

rs of the tone correcting sections 18R, 18G and 188 
are applied to, respectively, the DA converters 20R, 
20G and 208 to be converted into analog signals. 
Further, the analog outputs 25R. 25G and 25B of 
the DA converters 20R, 20G and 208 are fed to the 

20 switch 22 and video monitor 50. 

The analog signals 25R, 25G and 258 are 
selected alternatively by the switch 22 and deliv- 
ered to the CRT 24 so as to focus an image 
appearing on the CRT 24 onto the printing paper 

25 30. The switch 22 plays the role of a selector for 
alternatively applying the separated color signals 
25R, 25G and 25B output by the DA converters 
20R, 20G and 208 to the CRT 24. On the other 
hand, the video monitor 50 responsive to the color 

30 signals 25R, 25G and 25B displays a tone-cor- 
rected image thereon, so that the operator may 
perform necessary manual operations while watch- 
ing the video monitor 50. 

A central processing unit (CPU), or controller, 

35 52 functions to control the operation of the entire 
image processing apparatus and may advanta- 
geously be implemented with a microprocessor or 
like processing system. The CPU 52 is connected 
to cumulation histogram preparing sections 34R. 

40 34G, 34B and 36, a correction adjusting section 40, 
the color correcting sections 16/R. 16G and 168, 
and the tone correcting sections 18R, 18G and 
1 88. Connected to the CPU 52 is a store 54 which 
stores the values of various parameters for setting 

45 up the color correction matrix MTXA and look-up 
tables LUT-2R. LUT-2G and LUT-2B. 

A keyboard or like operating unit 56 is con- 
nected to the CPU 52 to allow the operator to. for 
example, select and correct the image processing 

50 parameters of the look-up tables LUT-2R, LUT-2G 
and LUT-2B and enter an image record command 
and others. Also entered on the operating unit 56 
are particular values of frequency of cumulation 
histograms which are to be output by the cumula- 

55 tion histogram preparing sections 34R, 34G and 
348. as described in detail later. 
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The output signals 17R. 17G and 17B of the 
frame memories 12R. 12G and 12B are fed to a 
luminance signal producing section 32 and. respec- 
tively, to the cumulation histogram preparing sec- 
tions 34R, 34G and 34B. The luminance signal 
producing section 32 produces a luminance signal 
Y by using the input signals 17R, 17C and 17G and 
an equation Y = 0.3R + 0.59G + 0.1 IB, applying 
its output 27 to the correction adjusting section 40. 

Each of the cumulation histogram preparing 
sections 34R. 34G and 348 arranges the levels of 
data representative of respective pixels of one 
frame of picture in order of level, then calculates 
the ratio of cumulation of those data which are 
lower than each input video signal level to the 
entirety, and then prepares a cumulation histogram 
as shown in FIG. 3. The cumulation histogram 
preparing section 36 functions in the same manner 
as the above sections 34R, 34G and 34B. The 
cumulation histogram preparing sections 34R, 34G 
and 34B prepare cumulation histograms of their 
asociated chroma signals based on the output sig- 
nals 17R. 17G and 17B of the frame memories 
12R. 12G and 12B. The outputs 29R, 29G and 29B 
of the sections 34R. 34G and 34B each being 
representative of an input video signal level of a 
particular frequency value of the cumulation histo- 
gram are delivered to a highlight and shadow point 
deciding section 38. 

The cumulation histogram preparing section 36 
prepares a cumulation histogram of the luminance 
signal 27 based on the output signal 27 of the 
luminance signal producing section 32. The output 
31 of this section 36 which is representative of an 
input video signal level of a particular frequency 
value of the histogram is also fed to the highlight 
and shadow point deciding section 38. 

It is to be noted that the signals 17R. 17G and 
17B applied to, respectively, the cumulation histo- 
gram preparing sections 34R. 34G and 34B and 
the signal 27 applied to the cumulation histogram 
preparing section 36 may be implemented with 
sampled data, instead of data of all of the pixels 
which constitute one frame of image. 

The highlight and shadow deciding section 38 
compares the outputs 29R, 29G and 29B of the 
cumulation histogram preparing sections 34R, 34G 
and 34B with the output 31 of the cumulation 
histogram preparing section 36, in order to decide 
whether or not a highlight point or a shadow point 
exists therein. For this decision, use is made of an 
equation: 

= 0.3 histo(R) ^ + 0.59 histo(G)^ + 0.1 
histo(B) ^ -histo(Y)^ 

where histo(R)^l . histo(G)^ and histo(B)f| are 
respectively the input video signal levels at h% of 
the cumulation histograms of the chroma signals 
17R. 17G and 17B, and histo(Y) | is the input 



video signal level at h % of the cumulation histo- 
gram of the luminance signal 27. Specifically, histo- 
(R)^ . histo{G)^ and histo(B)-^ are representa- 
tive of, respectively, the outputs 29R, 29G and 29B 

5 which show the input video signal levels at h % of 
the cumulation histograms prepared, respectively, 
by the cumulation histogram preparing sections 
34R. 34G and 34B from the signals 17R. 17G and 
17B. On the other hand. histo{Y)^ is representa- 

10 tive of the output 31 which shows the input video 
signal level at h% of the cumulation histogram 
prepared by the cumulation histogram preparing 
section 35 from the luminance signal 27. 

As to the value h stated above, a frequency 

15 value at or close to the highlight point is selected , 
for the decision of the presence/absence of high- 
light white, and a frequency value at or close to the 
shadow point is selected for the decision of the 
presence/absence of shadow black. This value h is 

20 entered on the operating unit 56 by the operator. 

Assuming that the presence/absence of high- 
light white is to be decided by selecting a highlight 
point which corresponds to a frequency of 99%, 
the input video signal levels histo(R)^ . histo(G)- 

25 ^ , and histo(B)^ corresponding to 99% of the 
respective cumulation histograms which are de- 
rived from the chroma signals 17R. 17G and 17B 
are multiplied by 0.3. 0.59 and 0.11, respectively. 
Then, from the sum of the resultant products, the 

30 input video signal level histo(Y);J corresponding 
to 99% of the accumulation histogram associated 
with the ^luminance signal 27 is subtracted to pro- 
duce A^l . 

The arithmetic operations mentioned above are 

35 performed by the highlight and shadow point de- 
ciding section 38. Specifically, this section 38 mul- 
tiplies the outputs 29R, 29G and 29B of the 
cumulation histogram preparing sections 34R, 34G 
and 34B by, respectively 0.3. 0.59 and 0.11, then 

40 adds the products together, and then subtracts the 
output 31 of the cumulation histogram' preparing 
section 36 from the sum. The highlight and shadow 
point deciding section 38 decides whether highlight 
white is present or not, based on the value 

45 which is produced by the above operations. The 
value A|^ is equal to or greater than zero. 

When the value A ^ is zero, the section 38 
decides that highlight white is present. This is 
because when an image represented by input vid- 

50 eo signals includes highlight white, i.e., perfect 
white, the highlight points of the chroma signals 
and that of the luminance signal coincide with each 
other and, therefore, the value A ^ is zero. 

The procedure for deciding the 

55 presence/absence of a highlight point as stated 
above applies to the decision of the 
presence/absence of a shadow point as well. Spe- 
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cificaliy. the operator enters, for example. 1% on 
the operating unit 56 as the value of h- 
highlight and shadow point deciding section 38 
decides the presence/absence of a shadow point. 

It is to be noted that the coefficients of 0.3. 
0.59 and 0.11 adopted in the equation are selected 
simply to agree with those for producing a lu- 
minance signal and may be replaced with other 
suitable values. 

The highlight and shadow point deciding sec- 
tion 38 determines the degree of correction based 
on the value ^ s'^d, then, delivers to the 
correction adjusting section 40 a signal 33 which is 
representative of the degree of correction deter- 
mined. The degree of. correction becomes low (low 
correction) with the increase of the value of A| and 
becomes high (high correction) with the decrease 
of the same. In response to the output 33 of the 
deciding section 38, the correction adjusting sec- 
tion 34 adjusts the output signals 17R, 17G and 
17B of the frame memories 12R. 12G and 12B with 
respect to the degree of color correction level by 
the luminance signal 27. which is output by the 
luminance signal producing section 32, 

In the case of perfect high correction, the cor- 
rection adjusting section 40 delivers the chroma 
signals from the individual frame memories 12R, 
12G and 12B to the cumulation histogram prepar- 
ing sections 42R, 42G, 42B. In response, the 
cumulation histogram preparing sections 42R, 42G, 
42B prepares look-up tables LUTR, LUTG and 
LUTB adapted for the tone correction of the individ- 
ual input color signals, referencing the highlight 
and shadow points which are determined on the 
basis of the cumulation histogram of each of the 
chroma signals 17R, 17G and 17B. In the case of 
perfect low correction, on the other hand, the cor- 
rection adjusting section 40 feeds the luminance 
signal 27 from the luminance signal producing sec- 
tion 32 to the cumulation histogram preparing sec- 
tions 42R, 42G, 428. Then, these sections 42R, 
42G. 428 prepares look-up tables LUTR, LUTG 
and LUTB for the tone correction of the individual 
input color signals, based on the highlight and 
shadow points as obtained from the cumulation 
histogram of the luminance signal 27. Such a pro- 
cedure associated with perfect low correction will 
be described in detail later. 

The correction adjusting section 40 comprises 
a decode matrix adapted to produce, from each of 
the chroma signals output by the frame memories 
12R. 12G and 12B. an adjusted chroma signal C 
as represented by: 
C = kC + (1 -k)Y ... Eq. (1) 
where k is a coefficient for adjusting the degree of 
correction level. Specifically, the coefficient k is 



selected by the highlight and shadow point decid- 
ing section 38 within the range of 0 ^ k < 1. 
depending on the degree of correction level and 
according to the value of A ^ . 

5 The coefficient k determined so is fed to the 

correction adjusting section 40. 

For high correction, the coefficient k is selected 
to be 1. In this condition, the color signals 17R, 
17G and 17B from the frame memories 12R, 12G 

10 and 12B are directly applied to, respectively, 
cumulation histogram preparing sections 42R. 42G 
and 42B as the outputs s35R, 35G and 35B of the 
correction adjusting section 40. For low correction, 
on the other hand, the coefficient k is selected to 

76 be 0. Then, the color signals 17R, 17G and 17B 
from the frame memories 12R, 12G and 128 are 
replaced with the luminance signal 27 from the 
luminance signal producing section 32 by the cor- 
rection adjusting section 40, resulting that the lu- 

20 minance signal 27 is delivered as the outputs 35R, 
35G and 35B of the correction adjusting section 40. 
Again, these signals 35R, 35G and 35B are applied 
to the cumulation histogram preparing sections 
42R, 42G and 42B. 

25 The cumulation histogram preparing sections 

42R, 42G and 42B prepare cumulation histograms 
from, respectively, the signals 35R. 35G and 35B 
which are applied thereto from the correction ad- 
justing section 40. The outputs 37R, 37G and s37B 

30 of the sections 42R, 42G and 428 each being 
representative of a highlight point of 99% and a 
shadow point of 1% are fed to LUT converting 
sections 46R. 46G and 46B. respectively. 

The cumulation histogram preparing sections 

35 34R. 34G .and 348 and the cumulation histogram 
preparing sections 42R, 42G and 428 may always 
replace each other. The correction adjusting sec- 
tion 40 comprises a 3 x 3 matrix. Hence, assuming 
that the 3x3 matrix constitutes a unit matrix, the 

40 situation shown in FIG. 1 is equivalent to a one 
wherein the correction adjusting section 40 is con- 
nected directly to the cumulation histogram prepar- 
ing sections 34R. 34G and 348, respectively. When 
the luminance signal producing section 32, like the 

45 correction adjusting section 40, is arranged to ef- 
fect coefficient change on a 3 x 3 matrix basis, any 
of the cumulation histogram preparing sections 
34R, 34G and 348 may replace the cumulation 
histogram preparing section 36. 

50 A standard look-up table storing section 44 

stores therein a look-up table LO which serves as a 
standard for tone correction. The output 39 of the 
standard look-up table storing section 44 is fed to 
the LUT converting sections 46R. 46G and 46B. 

55 The LUT converting sections 46R, 46G and 468 
convert the output 39, or standard look-up table 
LO, of the storing section 44, taking account of the 
outputs 37R, 37G and 378 of the cumulation histo- 
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gram preparing sections 42R. 42G and 42B which 
are representative of a highlight and a shadow 
point each. This provides look-up table data asso- 
ciated with the picture. 

As shown in FIG. 4. the standard look-up table 
data read out of the standard look-up table storing 
section 44 are represented by a standard curve, 
which is expressed as: 
D = -2.2 log V 

where v is the level of an input video signal. D is 
the output density, and the coefficient 2.2 is the 
video gamma coefficient. 

The LUT converting sections 46R, 46G and 
46B convert the standard curve LO by using the 
values of highlight and shadow points which are 
output by the individual cumulation histogram pre- 
paring sections 42R. 42G and 42B. such that the 
curve LO extends through the associated highlight 
and shadow points. The outputs 41 R, 41 G and 418 
of the LUT converting sections ^46R. 46G and 468 
are delivered to the tone correcting section 14R, 
14G and 148. respectively. In response, the tone 
correcting sections 14R. 14G and 148 correct, re- 
spectively, the tones of the input signals 17R, 17G 
and 178 based on the look-up data output 41 R. 
41 G and 418 of the LUT converting sections 46R, 
46G and 468. The outputs 19R, 19G and 198 of 
the tone correction sections 14R, 14G and 148 are 
routed to, respectively, the DA converters 20R. 
_20G and 208 via the color correcting sections 16R, 
16G and 168 and tone correcting sections 18R, 
18G and 188. The outputs 25R. 25G and 258 of 
the DA converters 20R, 20G and 208 are fed to the 
switch 22 on one hand and to the video monitor 50 
on the other hand. As stated earlier, the switch 22 
applies the analog signals 25R. 25G and 258 alter- 
natively to the CRT 24 to form a color image in the 
printing paper 30. 

As described above, in accordance with this 
embodiment, the highlight and shadow point decid- 
ing section 38 compares chroma signals and a 
luminance signal to thereby decide whether or not 
a highlight and a shadow point are present. In the 
case of high correction in which a highlight or a 
shadow point is present, the correction adjusting 
section 40 selects 1 as the value of k for correction 
adjustment. Then, as previously mentioned, the 
correction adjusting section 40 delivers the color 
signals from the individual frame memories 12R. 
12G and 128 directly so as to prepare cumulation 
histograms, determine their highlight and shadow 
points, and produce look-up table data. This allows 
the tone correcting sections 14R, 14G and 148 to 
adequately correct the tones of their associated 
color signals, whereby any deviation of an image 
represented by the input signals from an actual one 
with respect to tone is corrected. 



Assume that an image represented by input 
video signals does not include a perfect white 
portion and includes, for example, a gray portion of 
R = G = B = 0.9 which is close to white, and that 
5 it includes a red portion of high chroma where R = 
1.0 and G = 8 = 0. In this condition, should a 
value close to 1 be selected for k, the image would 
be overcorrected to appear lessened in red and 
intensified in cyan. In such a situation, therefore, 
70 the output 33 of the highlight and shadow point 
deciding section 38 commands the correction ad- 
justing section 40 selection of k having a small 
value, thereby preventing overcorrection from oc- 
curring. It is to be noted that when k of a small 
75 value is selected, the highlight point'is obtained 
from a signal which is close to the luminance signal 
Y and, hence, the output density D of the tone 
correcting sections 14R. 14G and 148 should pref- 
erably be set relatively low to intensity the highlight 
20 density of the image. 

In accordance with this embodiment, the high- 
light and shadow point deciding section 38 deter- 
mines a particular degree of correction level while 
the correction adjusting section 40 adjusts the de- 
25 gree of correction level in response to the output of 
the above section 38. This allows the tone correct- 
ing sections 14R. 14G and 148 to perform ade- 
quate tone correction. For example, even if an 
image represented by input video signals includes 
30 a light red portion having high chroma, the tone 
correcting sections 14R. 14G and 148 are pre- 
vented from overcorrecting the tones and, there- 
fore, from disturbing the color balance. 

Since the value of k is selected adequately in 
35 response to a particular degree of color correction 
level determined as stated above, the deviation of 
tones represented by the input video signals 11 R, 
1 1 G and 1 1 8 due to the difference in photog- 
raphing conditions can be correctly compensated 
40 for without entailing overcorrection. That is. the 
image processing procedure shown and described 
has little scene dependency and frees a recorded 
image from unnatural appearance. 

A prior art procedure is such that, while watch- 
45 ing the video display, the operator decides the 
presence/absence of a highlight point in terms of 
the presence/absence of a perfect white portion 
point and, based on the result of the decision, 
selects and enters a particular value of k on the 
50 operating unit 56 by his own discretion? In this 
case, the correction adjusting section 40 is caused 
to adjust the degree of con-ection level on the basis 
of the correction level which is selected by the 
operator. The operator, therefore, cannot make the 
55 decision without skill; any inadequate decision 
would prevent tone correction which is optimum for 
a particular image from being achieved. 
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In contrast, in this embodiment of the present 
invention, the previously stated arithmetic oper- 
ations are performed by use of cumulation histo- 
grams of chroma signals and luminance signal, 
thereby determining the degree of correction level. 
Such eliminates the need for the operator's de- 
cision as to the presence/absence of a highlight 
and a shadow point, which often results in inad- 
equate tone correction as mentioned. 

While the embodiment of the present invention 
has been shown and described in relation to an 
image recording apparatus of the type recording a 
visible image in an image recording medium, it is 
also applicable to the processing of various kinds 
of images which may be displayed on a CRT. 

In summary, it will be seen that the present 
invention provides an image processing method 
and an apparatus for the same which perform tone 
correction optimum for any particular image while 
freeing the operator from the decision as to the 
presence/absence of a highlight and a shadow 
point otherwise made while watching an image 
picture and, thereby, precluding the fear of erro- 
neous decision. 

While the present invention has been de- 
scribed with reference to the particular illustrative 
embodiment, it is not to be restricted by that em- 
bodiment buy only by the appended claims. It is to 
be appreciated that those skilled in the art can 
change or modify the embodiment without depart- 
ing from the scope and spirit of the present inven- 
tion. 



Claims 

1. An image processing method for processing 
input video signals (11 R, 11G, 11B) based on look- 
up table data and producing said processed video 
signals, 

CHARACTERIZED IN THAT 
said method comprises the steps of: 
producing signals (19R. 29G, 29B) each corre- 
sponding to a particular frequency vaue of a 
cumulation histogram which is prepared from a 
respective one of chroma signals (17R, 17G, 17B) 
of the input video signals (11R, 11G, 118). and a 
signal (31) corresponding to a particular frequency 
value of a cumulation histogram which is prepared 
from a luminance signal (27) of said input video 
signals; 

comparing said signals (29R, 29G. 298, 31) cor- 
responding to said respective particular frequency 
values by an arithmetic operation to determine a 
degree of color correction level; 
producing adjusted signals by adjusting color cor- 
rection level of the input video signals in response 
to said degree of color correction level determined; 



setting a highlight and a shadow point based on a 
respective one of said adjusted signals; 
preparing look-up table data (41 R. 41 G, 418) each 
corresponding to a respective one of the input 
5 video signals on the basis of said highlight and 
shadow points set; and 

processing an image by using said look-up table 
data (41 R. 41 G, 418). 

2. A method in accordance with claim 1 , 
70 CHARACTERIZED IN THAT said method is used 

with an image recording method which reproduces 
a visible image in an Image recording medium 
(30). 

3. A method in accordance with claim 2, 
75 CHARACTERIZED IN THAT the step of processing 

an image by using the look-up table data com- 
prises a step of producing density signals (19R, 
19G, 198) by, based on said look-up table data, 
converting the input video signals (17R, 17G. 178) 

20 into signals (19R, 19G, 1980 each being repre- 
sentative of intensity of light to be projected onto 
the image recording medium (30) and applying 
tone correction in matching relation to particular 
photographing conditions associated with said input 

25 video signals (17R. 17G. 178). 

4. A method in accordance with claim 3, 
CHARACTERIZED IN THAT the step of setting a 
highlight and a shadow point comprises a step of 
preparing cumulation histograms from the invidual 

30 adjusted signals (35R. 35G, 358) and setting a 
highlight and a shadow point based on a respective 
one of said cumulation histograms. 

5. A method in accordance with claim 4, 
CHARACTERIZED IN THAT the degree of color 

35 correction level is determined on the basis of a 
value of A j| which is expressed as: 
A ^ = 0.3 histo(R) ^ + 0.59 histo(G)M + 0.11 
histo(8)^ -histo(Y);i^ . 
where histo(R)tJ , histo(G)M and histo(B)^ are 

40 the cumulation histograms prepared from the in- 
dividual chroma signals (17R. 17G, 178), and histo- 
(Y)^ is the cumulation histogram prepared from 
the luminance signal (27). . 

6. A method In accordance with claim 5, 
45 CHARACTERIZED IN THAT the step of correcting 

color collection level comprises a step of replacing 
the chroma signals C (17R. 17G. 178) of the in- 
dividual input video signals with chroma signals C 
each corresponding to a respective one of said 
50 chroma signals C, taking account of the luminance 
signal Y (27) of said Input video signals and by 
using an equation: 
C = kC + (1 - k)Y. 

the value of k being changed in response to an 
55 output which is representative of the degree of 
color correction, whereby the degree of color cor- 
rection level adjustment Is controlled. 
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7. A method in accordance with clainn 5, 
CHARACTERIZED IN THAT the step of adjusting 
color correction level connprises a step of. when 
the degree or color correction level is deternnined 

to be high correction, delivering the chroma signals 5 
(17R, 17G, 17B) of the individual input video sig- 
nals directly and, when, the degree of color correc- 
tion level is determined to be low correction, de- 
livering the luminance signal (27) of the input video 
signals directly. 

8. An image processing apparatus comprising: 
image processing means (14R. 14G. 14B) for pro- 
cessing input videos signals (11R, 11 G. 11B) 
based on look-up table data and delivering said 
processed video signals; ;s 
highlight and shadow point setting means (42R, 
42G, 428) for setting a highlight and a shadow 
point of a respective one of said input video signals 
(11R. 11G, 118); and 

look-up table data preparing means for preparing 20 
look-up table data each corresponding to a respec- 
tive one of the input video signals (11 R, 11G, 11 B) 
on the basis of the highlight and shadow points 
whicli are set up by said highlight and shadow 
point setting means (42R, 42G, 42B). said look-up 25 
table data being fed to the image processing 
means (14R, 14B, 14G); 
CHARACTERIZED BY 
said apparatus further comprising: 

chroma signal cumulation histogram preparing 30 
means (34R, 34G, 34B) each for preparing a 
cumulation histogram from a respective one of 
chroma signals (17R, 17G. 178) of the input video 
signals; 

a luminance signal cumulation histogram preparing 35 
means (36) for preparing a cumulation histogram 
from a luminanced signal (27) of the input video 
signals; 

a color correction level degree determining means 
(38) for determining a degree of color correction 4o 
level by comparing, by an arithmetic operation, 
signals each corresponding to a particular frequen- 
cy value of the cumulation histogram of a respec- 
tive one of the chroma signals (17R, 17G. 17B) 
which are prepared by the chroma signal cumula- 45 
tion histogram preparing means (34R. 34G, 34B), 
and a signal corresponding to a particular fre- 
quency of the cumulation histogram of the lumi- 
nance signal (27) prepared by the luminance signal 
cumulation histogram preparing means (38): and so 
a color correction level adjusting means (40) for 
producing adjusted signals (35R. 35G. 35B) by 
adjusting color correction level of the input video 
signals (17R, 17G, 178) in response to an output of . 
said degree of color correction level determining 55 
means (38); 

the highlight and shadow point setting means (42R. 
42G, 42R) setting a highlight and a shadow point of 



a respective one of said adjusted signals (35R. 
35G. 35B) which are output by said color correction 
level adjusting means (40). 

9. An apparatus in accordance with claim 8, 
CHARACTERIZED IN THAT the image processing 
means (14R, 14G. 14B) are installed in an image 
recording apparatus for reproducing a visible image 
in an image recording medium (30). 

10. An apparatus in accordance with claim 9, 
CHARACTERIZED IN THAT the image processing 
means (14R, 14G. 14B) comprise tone correcting 
means (14R. 14G. 148) in which the look-up table 
data are stored, said tone correcting means (14R, 
14G, 14B) producing density signals (19R. 19G, 
19B) by converting each of the input video signals 
(11R, 11 G, 11B) into a signal which is representa- 
tive of intensity of light to be projected onto the 
image recording medium (30) and applying tone 
correction in matching relation to particular photog- 
raphing conditions associated with said input video 
signals (11R. 11G, 118). 

11. An apparatus in accordance with claim 10. 
CHARACTERIZED IN THAT the highlight and 
shadow point setting means (42R. 42G. 42B) pre- 
pare cumulation histograms from the individual ad- 
justed signals (35R. 35G. 358) and. based on said 
cumulation histograms, sets up the highlight and 
shadow points. 

12. An apparatus in accordance with claim 11. 
CHARACTERIZED IN THAT the color correction 
level degree determining means (38) determines 
the degree of color correction level based on a 
value of A which is expressed as: 

A J 0,3 histo(R)^, + 0.59 histo(G)!^ + 0.1 
histo(B)^l -histo{Y)^i 

wherein histo(R)^ . histo(G)j| and histo(B).' are 
the cumulation histograms of the individual chroma 
signals prepared by the chroma signal cumulation 
histogram preparing means (34R, 34G, 34B), and 
histo(Y)w is the cumulation histogram of the lu- 
minance signal prepared by the luminance signal 
cumulation histogram preparing means (36). 

13. An apparatus in accordance with claim 12, 
CHARACTERIZED IN THAT the color correction 
level adjusting means (40) adjusts color correction 
level of replacing each of the chroma signals C 
(17R, 17G, 178) of the input video signals with a 
chroma signal C (35R. 35G. 358), taking account 
of the luminance signal Y (27) of said input video 
signals and by using an equation: 

C' = kC + {1 - k)Y 

the color correction level adjusting means (40) con- 
trolling the degree of color correction level by 
changing the value of k in response to an output 
(33) of the color correction level degree determin- 
ing means (38) which is representative of a degree 
of color correction level. 
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14. An apparatus in accordance with claim 12, 
CHARACTERIZED IN THAT the color correction 
level adjusting nneans (40). when the degree of 
color correction level determining means (38) de- 
termines that the degree of color correction level is 5 
high correction, produces the chroma signals (17R, 
17G. 17B) of the input video signals directly and, 
when said degree of color correction level deter- 
mining means (38) determines that the degree of 
color correction level is low correction, produces to 
the luminance signal (27 directly. 
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® Tone correction for input video signals is per- 
formed by use of look-up table data. The degree of 
color correction level is decided by using chroma 
signals (17R, 17G. 17B) each corresponding to a 
respective one of input video signals and a lumi- 
nance signal (27) of the input video signals. In re- 
sponse to the particular level decided, signals (35R, 
35G, 35B) are produced by applying color correction 
level adjustment to the individual input video signals. 
A highlight and a shadow point are set up based on 
a respective one of such adjusted signals (35R, 35G, 
35B) so as to produce look-up table data for each of 
the input video signals. This allows input video data 
to be subjected to tone correction which matches 
with particular photographing conditions, thereby 



eliminating overcorrection. Hence, the operator's de- 
cision as to the degree of correction is needless so 
that the ease of operation is promoted. 
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